The Container Analysis Fire Environment (CAFE-3D) is a computer code developed at Sandia National Laboratories to simulate heat transfer from large fires to engulfed packages for transportation risk studies. These studies require accurate estimates of the total heat transfer to an object and the general characteristics of the object temperature distribution for a variety of fire environments. Since risk studies require multiple simulations, analysis tools must be rapid as well as accurate. In order to meet these needs, CAFE-3D links Isis -3D (a general purpose computational fluid dynamics/radiation heat transfer code that calculates fire behavior) to commercial finite element (FE) codes that calculate package response. In this scheme, CAFE-3D runs Isis -3D only periodically during the calculation to update local fire boundary conditions to the FE model. The frequency and duration of the fire update calculations are user controlled based on the fire time and/or package temperature rise.
INTRODUCTION
Transportation and storage of high-level nuclear waste, military materials, and other hazardous substances involve risks from accidental or intentional insults. Risk assessment studies estimate the probability that severe events will take place and their likely consequence [Fischer, et al. 1987] . These studies rely on computer models to estimate physical consequence of impact, fire, water immersion and other severe events. Since a wide variety of events must be considered, these models must be rapid as well as accurate.
The code of Federal Regulations, Chapter 10, Section 71.73 (10CFR71) [U. S Nuclear Regulatory Commission, 2000] specifies that spent nuclear fuel transport packages must survive a fully engulfing hydrocarbon fuel/air fire for 30 minutes before they may used for transport. The average flame temperature must be at least 800ºC. Ambient conditions must be sufficiently quiescent t o provide an average emissivity coefficient of at least 0.9. The fuel source must extend horizontally at least 1 m, but may not extend more than 3 m and the specimen must be positioned 1 m above the surface of the fuel source. In the current work we are concerned with benchmarking a computational tool that can predict the response of transport packages engulfed in this regulatory and other extra -regulatory fires.
Specialized fire physics codes such as Kameleon from SINTEF, Vulcan from Sandia and commercial computational fluid dynamics codes, such as CFX developed by AEA Harwell, and Fluent are capable of calculating the flow, temperature and species fields within fires. They calculate fire behavior from first principles but may require massive amounts of run time on specialized computing platforms. These codes are also capable of calculating conjugate conduction and simple radiation within objects engulfed in fires. However, they employ the same grid structure for both the flowing and solid regions. If the solid regions incorporate small-scale structures and complex internal boundary conditions that require small mesh dimensions, the computational time step becomes prohibitively small. These codes are therefore not well suited for studying the transient response of engulfed objects or performing the multiple simulations required in risk studies.
The Isis -3D computational fluid dynamics/radiation heat transfer code is currently under development at Sandia National Laboratories as a tool for risk assessment and engineering level analysis. Its primary purposes are to 1) Provide accurate heat flux distribution to objects that are engulfed in and/or near large fires 2) Accurately model the effects of wind and objects on the fire temperature distribution 3) Use reasonably short computer turnaround times, to allow multiple simulations Isis -3D is a general purpose computational fluid dynamics code that models liquid fuel evaporation, transport of fuel vapor, oxygen and other relevant species, reaction and heat release, soot and intermediate species formation/destruction, diffuse radiation within the fire region, and view factor radiation from the fire edge to nearby objects and the surroundings ]. Isis -3D is capable of employing highly refined computational meshes. However, reaction rate and soot radiation models that are embedded in the code are designed to give "engineering-level" accurate results for large-fire heat transfer even when relatively coarse computational grids are employed. Reaction rate and soot radiation parameters in these models were chosen based on large-fire experimental data [Greiner and Suo-Anttila, 2003a ].
The Container Analysis Fire Environment (CAFE-3D) is a computer code that links Isis -3D to commercially available finite element computer codes [Suo-Anttila, et al. 1999] such as Ansys or MSC P\Thermal. It is designed to facilitate the design and risk analysis of packages that are used for the transportation of radioactive material. In this linked scheme, the finite element code models the objects internal details and internal loads. Isis -3D supplies the surface heat flux resulting from a large-pool fire. In order to permit shorter computer turn around times Isis -3D runs only intermittently during the simulation, resulting in Isis -3D total run time that is only a fraction of the actual physical burn time. CAFE-3D runs on desktop PC's, UNIX, and Linux workstations. In the current work, CAFE-3D linked Isis -3D to the MSC P/Thermal finite element code on a Linux workstation.
The following sections describe the computational methods as well as chemical reaction models employed in Isis -3D. A recent experiment that measured wind conditions and temperatures of a calorimeter engulfed in a JP-8 pool fire under light wind conditions is des cribed. CAFE-3D simulations of the experimental fire are then presented and compared to the measured data. Finally conclusions are drawn. Details of this work are contained in the MS thesis by Soot volume fraction (ppm) f Soot,min Soot volume fraction at flame boundary = 0.4x10 
NUMERICAL MODELS IN Isis-3D
This section describes the physical and numerical models used in the Isis -3D computational fluid dynamics/radiation computer code. Isis -3D solves three momentum equations for predicting the three-dimensional velocity/momentum field. It uses a variable density version of the PISO [Issa, 1985] pressurebased algorithm. It also solves an energy equation for predicting the temperature field and species transport equations.
Isis -3D uses a finite volume method with an orthogonal grid for discretizing the governing equations. In this formulation all vector quantities, such as heat flux and momentum, are defined at the cell interfaces whereas scalar variables, such as temperature and pressure, are defined at cell centers. Applying finite volume discretization with an orthogonal grid is closely related to finite difference approach.
Isis -3D uses a porosity method similar to the Fractional Area Volume Obstacle Representation (FAVOR TM , a trademark of Flow Sciences Corporation, Los Alamos, New Mexico) (Hirt, et al. 1985) method for representing curved surfaces. This method admits a flat diagonal surface within a hexahedral finite-volume computational cell. Multiple cells with diagonal interior surfaces are used to represent a curved object such as a cylinder. This representation is much more accurate than the stair-step technique that is often used in finite difference codes. A segmented object representation has an equivalent heat transfer and flow representation as a finite-element computational-fluid-dynamics (CFD) method, but it does not incur the large processor or memory requirements associated with finite-element methods. With the porosity method the flow areas on all cell surfaces are adjusted to account for the diagonal solid surface. Heat transfer takes place between the flowing medium and the solid in the same computational cell through diagonal surface.
HEAT TRANSFER MODELS
Isis -3D uses two different techniques to model radiation heat transfer in the computational domain. It models diffuse radiation inside the flame zone and view factor radiation in the non-participating regions outside the flame zone. At each time step, Isis -3D defines the fire volume as the computational cells where the soot volume fraction (f soot ) is above a user defined value f soot,min .
The fire interior (f soot > f soot,min ) is assumed to be optically thick and radiation transport is diffuse [Modest, 2003] . Diffuse radiation within the fire is modeled indirectly using the Rosseland conduction approximation. This approximation employs an effective, temperature-dependent thermal conductivity of the flowing medium equal to
In this expression, T is the local temperature, σ is the StephanBoltzman constant, and β R is the local extinction coefficient of the medium. The extinction coefficient is a function of the local mass fraction of soot, water vapor, fuel vapor and intermediate species [Modest, 2003] . The Rosseland conductivity within fires is much larger than molecular values for air.
Outside the flame zone (where f soot < f soot,min ), thermal radiation transport is modeled by the view factor method. The calculation of the view factor between the fire and nearby objects is complicated by the dynamic motion of the outer fire surface due to fire puffing and the turbulent nature of the flames. The fire outer surface normal vector is calculated at each location of the fire surface at each time step. It points in the direction of the lower concentration and is perpendicular to the computational cell face. For computational cells that have more than one radiating cell surface, a normalized vector sum is performed to assign the surface unit normal vector. All surface unit normal vectors of solid objects are calculated in a pre-process step. The view factor is calculated as
Where f ij is the view factor of the fire cell surface (i) to an object cell surface (j), n i is the unit normal of the radiating fire surface, n j is the unit normal of the object surface, s ij is the difference between the position vectors of the object surface and the fire surface. The distance between surfaces is s, and A j is the surface area of the object surface element. Heat loss to the surroundings is based on an environment temperature T Environment = 400 ºK. Simulations for T Environment = 300 ºK and 500 ºK do not substantially change the results.
COMBUSTION CHEMISTRY MODEL
Isis -3D uses four separate reactions to model the chemical processes within a JP8 hydrocarbon pool fire [Greiner and SuoAnttila, 2003a] . This model is a variant of the turbulent flame model developed by Said, et al. [1997] . The relevant species in this model are the hydrocarbon fuel vapor, atmospheric oxygen, solid carbon soot, intermediate species, and products of complete combustion. The first reaction is incomplete fuel combustion that produces carbon soot in addition to the products of complete combustion. The second reaction is endothermic fuel cracking, which is anaerobic and produces soot and intermediate species. The third reaction is soot combustion with oxygen. The final reaction is combustion of the intermediate species. Arrhenius rate models are used for all four reactions. Combustion and cracking soot parameters and the pre-exponential coefficients for these reactions were determined [Greiner and Suo-Anttila, 2003a ] by comparing the results calculated by Isis -3D with experimental data measured by Gritzo, et al. [1998] .
CAFE-3D
CAFE-3D employs subroutines that transfer data between the P\Thermal Finite Element Analysis (FEA) package model and the Isis -3D fire model. In order to use CAFE-3D, first the user builds a FE model of the package in P\Thermal (or in Ansys). All outside surfaces of the FEA model are selected and CAFE is applied as template variable -convection boundary condition [MSC Patran P\Thermal Manual] . The user then builds an Isis -3D model of the object to be analyzed using the Isis -3D solid modeler . The Isis -3D model must have approximately the same size, shape, and physical orientation of the external surface of the FE model. Internal details are unnecessary because they are modeled by the P/Thermal FE model. Future Isis -3D versions will include the automatic mesh generation capability to build an equivalent model from a P\Thermal model. CAFE-3D normalizes the P\Thermal model and Isis -3D models so that all surface nodes on P\Thermal model are mapped to nodes on Isis -3D model. This mapping is bidirectional and forms the basis for heat flux and temperature data exchange between P\Thermal and Isis -3D. P \Thermal surface elements and Isis -3D elements do not need to be of same size. Typically a finer mesh is used in P\Thermal to model the internal details of the object where as Isis -3D uses coarser mesh to achieve shorter computational times. In such a case, one or more nodes from P\Thermal are linked to the Isis -3D node. Nevertheless, each finite element node receives a different heat flux due to a position-weighted distribution from the CAFE-3D Isis -to-FEA mapping subroutine.
During a CAFE-3D run, Isis -3D and P\Thermal run alternately ]. P \Thermal provides Isis -3D with object surface temperature data. Isis -3D uses this data in addition to its own CFD calculations to determine the new surface heat flux distribution. P\Thermal uses this updated heat flux to model the internal response of object. This alternate running of P\Thermal and Isis -3D continues for the full duration of the fire.
The user sets parameters that control the frequency at which CAFE-3D calls Isis -3D and the period of time Isis -3D will simulate. Whenever the temperature of any surface node in P\Thermal model rises by the user set parameter DTemp, Isis -3D is called. Then Isis -3D runs for time Dtcafe. Both DTemp and Dtcafe are set by the user. In the current work these two parameters are 1 °C and 0.1 sec, respectively. For a typical thirty-minute fire run, Isis -3D is called approximately 1000 times. Each t ime called, Isis -3D runs for 0.1 sec. Thus to simulate a 30-minute fire using CAFE-3D, Isis -3D only needs to calculate approximately 100 seconds of physical fire burn time. If Isis -3D alone is used, it has to run for all 1800-seconds of physical burn time, resulting in much longer computer turn around time. This technique can be used because the fire responds relatively quickly to a change in object surface temperature and the surface temperature changes relatively slowly compared to time scales of fire. Fo r our current simulation increasing the Isis -3D run time from 0.1 sec to 0.2 sec did not cause measurable improvement in temperature predictions. Figure 1 shows the plan view of the Sandia National Laboratories (SNL) fire test facility where two large pool fire experiments were performed in August 2000 [Kramer 2001 and Kramer, et al. 2003 ]. In this section we describe the facility and the wind measurements from Test 1 of that series. Figure 1a shows a plan view of experiment test facility along with its orientation relative to compass directions. The entire setup was located above a 9-m-wide, 18-m-long, 1-m-deep concrete pool. Efforts were made to minimize effects of wind. Sixteen 6-m (20 ft) high V-shaped fences were placed 0.3 m above the ground in a 24.4-m diameter circle around the facility. The fences were separated by 1-m gaps. Two anemometers were placed on a pole located 30 m (100 ft) to the northwest of the fire pool, with the intension of measuring the wind speed independent of fire .6 m (15 ft) long pipe calorimeter, with wall thickness 2.54 cm (1 inch) and made of mild steel was suspended horizontally 1-m above the center of the pool. Oneinch thick mild steel plates were fastened on both ends. The calorimeter axis was aligned with the north-south directions, which was perpendicular to the predominant wind direction. The minimum horizontal distance between the calorimeter end caps and edge of the fire was 1.22 m and the maximum distance from the sides to the pool edge was 2.97 m.
FIRE TEST
The pipe interior temperature was measured at 47 locations using thermocouples. Most of these thermocouples were arranged in 4 rings. Using the z -coordinate system shown in Fig. 1b (aligned with the pipe axis with z=0 at south end cap) rings 4, 3, 2 and 1 were located at z = 0.025, 0.755, 1.985, and 3.805 m, respectively. Rings 1, 3, and 4 had eight thermocouples equally spaced around the interior circumference, while the central ring (Ring 2) had 16 thermocouples. Five more thermocouples were placed in a line along the top surface at z = 0.46, 1.06, 1.38, 1.68, 2.29 m. Two more were attached to the south end cap in a vertical line, each 19.5 cm from the center of the cap. All thermocouples were made of Chromel/Alumel type K wire and insulated using MgO. The interior volume of the calorimeter was filled with 2.54 cm thick Thermal Ceramics Kaowool next to the interior surface and standard fiberglass insulation everywhere else. Figure 2a and 2b show the wind direction and speed, respectively, measured by the two anemometers during the 30-minute fire period. For the first 18 minutes, the predominant wind-direction was roughly 30 degrees north of due west. In Fig. 1 , this corresponds to the wind blowing from left to right, and slightly downward (towards Ring 1). The average wind speed during this period was 1.1 m/sec. For t = 20 -26 minutes there was a lull in the wind (wind speed < 0.5 m/sec). After t = 26 minutes the wind reversed its direction and blew mostly toward the east and 10 degrees towards the south.
We note that the wind data was measured northwest of the test facility. This location was downwind of the fire for first 18 minutes of fire. No wind data was available upwind of the fire. Such wind data makes it difficult to completely characterize a large fire. In the next section CAFE-3D simulations of these experimental conditions are presented. Temperature results from the simulations are then compared to measured temperature data in order to benchmark CAFE-3D. Figure 3 shows the Isis -3D computational domain and grid used in the CAFE simulations. The x,y,z-coordinate axes are also defined. The rectangular domain is 60m, 10m, and 60m (L x , L y , L z ) in the x-,y-and z-directions, respectively. The 4.65-m-long, 1.22-m-diameter calorimeter, the 7.56-m-diameter pool and the wind fences are also shown in the figure. The calorimeter axis is parallel to the z-axis of the computational domain, the z-coordinate used in Fig. 1 . The computational grid used N x =50, N y =22 and N z =55 volumes respectively, in x-, y-and zdirections. The grid is more highly refined near the calorimeter and pool than it is near the domain boundaries.
CAFE MODEL

Isis-3D Boundary Conditions:
Velocity boundary conditions used in the CAFE-3D simulation were derived from the measured wind conditions described earlier. They were also adjusted for very slight buoyancy entrainment effects. The wind measurements acquired by the anemometer at the 3 m height were 1 -min window averaged and applied for the computational region y = 0 m to 4.5 m. Similarly, the data measured at y = 6.1 m are 1-min window averaged and applied to the region y = 4.5 to 10 m. Hydrostatic pressure boundary conditions were applied to the top boundary. No-Slip velocity conditions were applied to all locations of the bottom boundary of the domain except for the fuel pool.
The 7.16-m-diameter pool was divided into two regions: An interior 6.44-m-diameter circle, and an outer 0.36-m-wide ring that covered the remainder of pool. The evaporation rate in the inner circle and outer circle are specified to be constant at, respectively, 0.046 kg/m 2 s and 0.184 kg/m 2 s. These conditions lead to an average evaporation rate of 0.072 kg/m 2 s, which is typical of large hydrocarbon pool fires [Gritzo, M oya and Murray, 1997] . The large evaporation rate in the outer ring was intended to model high levels of evaporation and entrainment that occur at pool boundaries. However, the size and evaporation rates of the two regions were somewhat arbitrary.
The wind fences were modeled as a 24.4-m-radius cylinder centered on the pool. Figure 3 shows the computational cells that contain this cylinder. The wind fences were modeled as thin plate orifices to calculate the drag. The pressure drop across the fence was calculated as 2 2 2 Puf ρ ∆= In this expression, u 2 is the local air velocity passing through the fence and f is the drag coefficient. This is defined as Figure 4 shows the P/Thermal FEA model of the experimental calorimeter [Kramer, et al. 2003 ]. The P \Thermal model is made of 3000 hexagonal elements and 4004 nodes. It has nodes at all locations where thermocouples were placed in the experimental calorimeter. The model length, diameter and wall thickness were identical to those of the experimental calorimeter. The model employed the temperature-dependent thermal conductivity, specific heat, and density measured for the experimental calorimeter.
Finite Element Model (P\Thermal):
COMPARISON OF SIMULATION TEMPERATURE RESULTS WITH EXPERIMENTAL DATA
Isis -3D uses the soot volume fraction f soot to define the fires outer surface. All computational cells with f soot greater than or equal to f soot,min are treated as the fire region. Increasing the value of f soot,min therefore reduces the fire size and increases the fire surface temperature. In this work f soot,min was determined by comparing the simulated fire surface average temperature with measured values. Measurements [Society of Fire Protection Engineers, 1995] indicate that the average fire surface temperature for current hydrocarbon pool size (7.16 m) is 1050 ºK. In this work, simulations were performed for a range of values of f soot,min. The resulting fire average fire surface temperature versus time for these runs are shown in Fig. 5 . The value f soot,min = 0.4 ppm gives fire surface average temperature that is in agreement with earlier fire surface measurements [Society of Fire Protection Engineers, 1995] . This value of f soot,min is also in agreement with the value used by Suo-Anttila [2003a, 2003b] . This value was used in all subsequent simulations. Figure 6 shows a snapshot of the CAFE-3D fire outer surface (for soot volume fraction f soot,min = 0.4 ppm) at time t = 15 minutes. This surface is colored according to its local temperature. The calorimeter is the green cylinder that is mostly engulfed in fire. At t =15 min the wind was blowing lightly from left to right in the figure and slightly towards the viewer. The fire shape in this snapshot is typical of other times during the fire. A movie of the simulated fire clearly showed large-scale puffing and tilting of fire in phase with wind velocity and direction. These characteristics are typical of large pool fires. The fire cross-section decreases with elevation and this resulted in un-engulfed end caps even under low wind conditions, as shown in and tilting of fire, Ring 3 and Ring 4 were only intermittently engulfed. Ring 1 was more fully engulfed because the wind was blowing the fire toward it. Ring 2 is in the middle of the fire. The maximum fire temperatures were located on a contorted cone surface whose base was over the fuel pool. The fire temperature decreased at points outside and inside the cone. The cool temperatures over the central pool (yellow region under Ring 2) may be due to insufficient oxygen for combustion and the "heat-sink" effect created by the relatively cool calorimeter. This cool region is known as the vapor dome. Figure 8 shows the experimental and simulated average thermocouple temperature rise (∆T avg ) as a function of time. This rise is defined as the difference between the average of all 47 thermocouple temperatures at a given time and the average at the start of test. It is an indication of the total amount of energy delivered to the calorimeter as a function of time. Risk analysis tools must accurately predict the total heat transfer to an object in order to determine if interior components reach their limit temperatures [Greiner, et al. 1998a and 1998b] . We see from Fig had not reached steady state at the end of the experiment. The simulated average temperature rose more slowly than the experiment for the first 10 minutes, but after that, it followed the experimental values closely. As drag coefficient decreased, calorimeter average temperature rise increased. The case with Cd=0.31 gave the results that are in best agreement with experimental values and these results are explained further. At the end of the 30-minute fire the simulated, calorimeter average temperature rise was 7 34 ο C while the corresponding experimental value was 744 ο C. Figure 9 shows the experimental and simulated average thermocouple temperature rise for each ring separately (for Cd= 0.31). Figure 9a shows results for Ring 1 and 2 and Fig. 9b shows results for Ring 3 and 4. The solid lines represent experimental data while the dashed lines represent simulation results.
The simulated values for Rings 3 and 4 are in close agreement with the experimental data. During the simulated fire, Ring 4 was only intermittently engulfed and Ring 3 was close to the fire outer surface. The radiation heat transfer received by these two rings from the fire came largely from view factor radiation from fire surface. This CAFE-3D simulation appears to predict the heat transfer to these rings very accurately. In this simulation, Ring 1 received more heat than experiment while Ring 2 received less heat than the experiment. Rings 1 and 2 were engulfed in flames during most of the fire. These rings receive heat directly fro m the diffusively radiation region of the fire (Rosseland approximation). Figure 7 shows a very large, cool vapor dome beneath Ring 2. This simulated vapor dome may be larger than the cool region that existed during the fire. Figure 10 compares the experimental and simulated angular variation of temperature of all four rings at t=15 and 30-minutes. For all the rings, the experimental highest temperatures were measured on the west side of the pipe, and lowest temperatures on the east side. Winds present during the initial 18 minutes of this test tilted the flames so that the west (leeward) surface of the pipe was more continuously engulfed in flames than the east (windward) side. Even the slight winds present during the test (< 2 m/sec) have a significant effect on fire heat transfer. Moreover, a re-circulation zone may have developed downwind of the calorimeter. Enhanced air/fuel mixing in such a zone may increase the fire temperature, which would contribute to the high temperatures observed on the leeward pipe surface [Gritzo, et al. 1997 ].
The simulated angular temperature variations have similar trends as the experimental values. The temperatures were generally higher on the West than they were on the East, except for Ring 1. For Ring 2 the simulated temp eratures were higher than the experiment on the top surface and lower than the experiment on the bottom. The simulated vapor dome may have been too large, which may have caused this difference. The fire tilt in the simulations may also have been smaller than the tilt observed in experimental results.
For this simulation, P\Thermal called Isis -3D for 856 times and each time called Isis -3D ran for 0.1 sec resulting in total Isis -3D time of 85.6 sec. To simulate 30-minute fire, CAFE-3D (by running P/Thermal and Isis -3D alternatively) took 10 hours on standard Linux workstation with 3GHz processor and 512MB RAM. For these wind conditions, increasing the Isis -3D run time from 0.1 sec to 0.2 sec or calling Isis -3D more frequently did not cause any significant improvement in predictions, even though these changes increased the computational time. For simulating tests with rapid fluctuations in wind conditions, calling Isis -3D more frequently does improve the accuracy of the predictions [Greiner and Suo-Anttila, 2003a] .
CONCLUSIONS
The Container Analysis Fire Environment (CAFE-3D) is a tool developed to simulate heat transfer from fires to engulfed radioactive material packages with complex internal details. Transportation risk studies require accurate estimates of t he total heat transfer to an object and the general characteristics of the object temperature distribution for a variety of fire environments. Since risk studies require multiple simulations, analysis tools must be rapid as well as accurate.
In order to m eet these needs CAFE-3D links Isis -3D to commercial finite element codes. In this scheme, the finite element code models the objects internal details, loads and boundary conditions and Isis -3D supplies the surface heat flux resulting from a large-pool fire. In order to permit analysis in relatively short time on a standard workstation, Isis -3D runs only periodically during a package thermal calculation to update local fire conditions to FEA model.
In the current work, CAFE-3D successfully coupled Isis -3D to the commercial finite element software Patran/Thermal to predict the response of calorimeter to a 30-minute light-wind large scale fire conditions.
The Simulation required 10 hours of computational time on standard desktop to simulate 30-min fire. Even though wind data from only one downwind location was used to derive wind velocity boundary conditions, CAFE-3D accurately predicted the total heat transfer to calorimeter and approximated the heat transfer to individual rings reasonably well. More accurate and abundant wind data may improve these predictions.
Further improvements to CAFE-3D are required before it can be used to reliably predict the internal fire temperature distributions for varying wind conditions. Isis -3D parameters have been validated against only limited experimental data. For now CAFE-3D can be used to predict object temperature response to the fire conditions that are close to the benchmarked pool size and wind conditions. In future work, Isis -3D parameters will be benchmarked against the data from experiments with a range of pool sizes and wind conditions. Once benchmarked against extensive experimental data, CAFE-3D will become a very powerful tool for the analysis of the performance of relevant objects that are exposed to a fire environment, whether the object is fully engulfed, partiallyengulfed, or near but not engulfed by fire.
